Background: Individuals of low socioeconomic status experience a disproportionate burden of chronic conditions; however it is unclear whether chronic condition burden affects survival differently across socioeconomic strata.
Introduction
The burden of multiple chronic conditions is felt disproportionately among people living in low-socioeconomic status (SES) neighborhoods (Freedman et al., 2011; Barnett et al., 2012) . This inverse relationship between SES and chronic condition burden is robust: it persists across studies done in different countries, and using both individual and neighborhood measures of SES (Mackenbach et al., 2008; Freedman et al., 2011; Barnett et al., 2012; Payne et al., 2013; Violan et al., 2014a) . According to the Inverse Care Law, the availability of good medical care tends to vary inversely with the need for it in the population served (Hart, 1971) . In countries where the Inverse Care Law has been demonstrated, people of lower SES are less likely to receive adequate health care, despite their greater need (van Doorslaer et al., 2006; Pruitt et al., 2009) . When health care is not universally accessible to young people, this disparity in health care access can establish SES gaps in early health that persist into old age, even if universal health care is available for senior citizens (Currie and Rossin-Slater, 2015) .
Socioeconomic characteristics in peoples'neighborhoodssuch as median level of income and material deprivationaffect individual health through a number of avenues (Riva et al., 2007; Yen et al., 2009; Meijer et al., 2012; Jonker et al., 2015; Schule and Bolte, 2015) . Low-SES neighborhoods are less likely to have healthy built environments, including access to healthy food or safe spaces for physical recreation (Yen et al., 2009; Schule and Bolte, 2015) . Low-SES individuals are also more likely to live in low-SES neighborhoods and their relatively high rates of smoking, physical inactivity, and obesity account for approximately a third of the increased cardiovascular mortality seen in these areas (Jonker et al., 2015) . In addition to their higher rates of unhealthy behaviors (Jonker et al., 2015; Schule and Bolte, 2015) , inhabitants of low-SES neighborhoods are less likely to self-manage appropriately (Coventry et al., 2014) or be adherent with medical therapy and recommendations (Gerber et al., 2011) . Reduced mobility and increased vulnerability render older adults especially susceptible to the unhealthy effects of low-SES neighborhoods (Yen et al., 2009; Rosso et al., 2011) .
We hypothesized that these neighborhood effects would create a socioeconomic gradient in the burden of chronic conditions in older (aged 65 to 105) adults. We further hypothesized that low neighborhood SES would exacerbate the effects of increasing chronic condition burden on older adults and worsen their survival prognosis relative to those in high-SES neighborhoods, even with universal access to health care. To test these hypotheses, we described differences in chronic condition burden and health care utilization across neighborhood income quintiles in Ontario, Canada. Then we examined the impact of increasing number of chronic conditions on hazard of death over two years in the same sample, controlling for confounders and stratified by neighborhood income quintile.
Methods

Setting
This retrospective cohort study was conducted using linked provincial health administrative databases in Ontario, Canada. In Ontario, government-funded universal health insurance pays for all medically necessary hospital and physician services for all residents of all ageswithout user fees at the point of serviceas well as prescription drugs for individuals over 65 years old.
Data Sources
The provincial health insurance claims database allows for identification of all individuals who use the health care system and retrieval of information about their medical conditions, utilization, and outcomes. These data are housed and secured at the Institute for Clinical Evaluative Sciences (ICES) under data security and privacy policies approved by the Offices of the Information and Privacy Commissioner of Ontario. This study was approved by the Research Ethics Board and Privacy Office at ICES.
The following datasets were linked using unique encoded identifiers and analyzed at ICES: (1) the Ontario Registered Persons Database was used to identify individuals' age, sex, postal code, and date of death (if death occurred during the study period); (2) the 2011 Canadian Census data were linked to individuals' postal codes and used to identify the median income of the neighborhoods in which they lived as well as whether they were urban or non-urban according to the Rurality Index of Ontario (RIO) (Kralj, 2008) ; (3) the Discharge Abstract Database contains data on all hospital discharges and was used to determine individuals' inpatient chronic condition diagnoses; (4) the Ontario Health Insurance Plan (OHIP) claims database contains data on all physician billing and was used to examine health care utilization and individuals' outpatient chronic condition diagnoses; (5) OHIP data and Client Agency Program Enrolment data were combined to determine whether individuals had a usual provider of care (UPC).
Study Cohort
All Ontario residents who met the following criteria were eligible for the study sample: (1) aged 65 to 105 on the study index date, April 1, 2009; (2) eligible for OHIP from April 1, 2009 to March 31st 2011 (or death); and (3) had at least one of the following 16 conditions on April 1, 2009: acute myocardial infarction, asthma, cancer, cardiac arrhythmia, chronic coronary syndrome, chronic obstructive pulmonary disorder (COPD), congestive heart failure (CHF), mood disorders (depression or bipolar disorder), dementia, diabetes, hypertension, osteoarthritis, osteoporosis, renal failure, rheumatoid arthritis and stroke. We examined individuals 65 and over as representing a cohort particularly vulnerable to chronic disease burden and associated adverse health outcomes (including death) and also susceptible to neighborhood SES effects (Yen et al., 2009) . Of the 1,528,437 eligible study participants, 9498 (0.62%) had missing data on income quintile and were excluded from all multivariable analyses.
Exposure
The primary exposure was chronic condition burden, defined as the number of selected chronic conditions at the index date. Number of conditions was coded as one (referent group), two, three, four, or five-plus. Five of the sixteen chronic conditions (asthma, CHF, COPD, hypertension, and diabetes) were defined based on previously validated populationderived ICES cohorts. These definitions are based on diagnostic criteria of one inpatient or two outpatient diagnoses within two years of claims data. All algorithms have high specificity and sensitivity, as detailed elsewhere (Koné Pefoyo et al., 2015) . For the remaining 11 conditions where a derived ICES cohort did not exist, we adopted a similar approach to the derivation algorithms (i.e. at least one inpatient or two outpatient diagnoses recorded in physician records within a two-year period) (Koné Pefoyo et al., 2015) . These 16 conditions were selected based on their population burden, both in terms of cost and prevalence (Koné Pefoyo et al., 2015) . The full set of diagnostic codes used to define the conditions is listed in Supplementary Table A .
Outcome
The primary outcome was time to death measured in days from the index date. To examine whether this exposure-outcome relationship was moderated by neighborhood SES, we determined median income in individuals' Census-defined neighborhoods and divided neighborhoods into income quintiles, with the first and fifth quintiles having the lowest and highest median incomes, respectively. Neighborhood income quintile has been used extensively in health research as an indicator of neighborhood SES (Yen et al., 2009 ) and is associated with individuals' health outcomes independent of their personal SES (Southern et al., 2005; Jonker et al., 2015; Schule and Bolte, 2015) .
Covariates
A "burden length" variable described the number of days prior to April 1, 2009 that individuals had lived with their current number of chronic conditions. Whether or not individuals had a UPCdefined as being rostered or virtually rostered to a family physicianwas also adjusted for, as were patient age, sex, and urban or non-urban location of dwelling. Frequency of specialist and primary care visits over the twoyear follow-up period was also examined.
Analyses
Demographic characteristics of the study cohort, chronic condition burden, burden length as well as the presence of a UPC were evaluated at the index date within each neighborhood income quintile. Frequency of specialist and primary care visits each individual had over the twoyear follow-up period were also examined. Due to the large sample size, standardized differences were calculated to quantify statistical significance of differences across quintiles, independent of sample size (Mamdani et al., 2005) . Continuous and categorical variables in the second to fifth income quintiles were all compared with those in the first (lowest) income quintile using the formulas detailed by Yang and Dalton (Yang and Dalton, 2012) .
Univariate Cox proportional hazards models were developed to examine the crude association of each variable with two-year hazard of death. Chronic condition burden, burden length, age, sex, location of dwelling, and presence of a UPC were then simultaneously entered into Cox proportional hazards models stratified by neighborhood income quintile. We did not adjust for the number of physician visits in multivariable models because we hypothesized that they were in the causal pathway between chronic condition burden and survival. The proportionality assumption was verified within each stratum of neighborhood income quintile.
Sensitivity Analyses
We conducted a supplementary analysis across each income quintile stratum of the multivariable models, wherein the chronic condition burden variable was replaced by dummy-variables for the presence of each chronic condition. This sensitivity analysis tested whether findings attributed to number of conditions were actually due to differential effects of conditions across income quintiles. Sensitivity analyses that included measures of health care utilization or excluded the UPC variable were also done. To examine whether results were due to our cohort age restriction and potential survival biases, we also repeated our analyses among all eligible Ontarians aged 45 to 64 years old. A final sensitivity analysis substituted a measure of material deprivation quintilesin the place of income quintileas the neighborhood SES indicator (Matheson et al., 2012) . All analyses were done using SAS version 9.3 (SAS Institute, 2012) and reported according to published guidelines (Abraira et al., 2013) .
Role of the Funding Source
The funding sources for this study had no role in study design, collection, analysis, or interpretation of data, or in the writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.
Results
A sample of 1,518,939 older adults was included in the analysis and is described in Table 1 . Older adults living in lower income neighborhoods were significantly more likely to have high chronic condition burden: 18.2% of people in the lowest income neighborhoods had five or more chronic conditions, compared to 14.3% of those in highest income neighborhoods. The prevalence of the 16 chronic conditions by income quintile is presented in Supplementary Figure A. Notes: Burden length indicates number of days prior to April 1, 2009 that individuals lived with the number of chronic conditions indicated. a Denotes values in second to fifth income quintiles that are significantly different (a standardized difference N 0.1 (Cohen, 1988) ) from those in the first income quintile. b The 9498 (0.62%) of individuals with missing data on location of dwelling were retained in the sample by including a category for "missing" in this variable.
Despite the higher morbidity burden in older adults from lowincome neighborhoods, the frequency of their visits to primary care and specialist physicians during follow-up did not differ significantly from people in high-income neighborhoods (Table 2) . Of the 130,417 (8.6%) individuals who died during follow-up, a higher proportion was from the lowest income neighborhoods (10.1%) than the highest income neighborhoods (7.6%), however this difference was not statistically significant (Table 3 ). In unadjusted models (Table 4) , there was a significantly higher risk of death associated with increasing age, being male, lower neighborhood income quintile, higher chronic condition burden, living in a non-urban setting, and not having a UPC. The results of the un-stratified multivariable Cox regression model are presented in Supplementary Table B . Table 5 presents the results of neighborhood income stratified Cox proportional hazards models, adjusted for all of the other variables listed. These data show that there was a stepwise increase in hazard of death during the two-year follow-up period for each additional chronic condition present at baseline. Counter to our a priori hypothesis, the effect of increasing chronic condition burden on two-year survival was comparable for older adults in the poorest versus wealthiest neighborhoods in Ontario. This is indicated by the overlapping 95% confidence intervals for chronic condition burden hazard ratios across all five income quintiles. The minor exception to this finding occurs in the 95% confidence intervals for five-plus chronic conditions; the hazard of death with this high chronic condition burden appears to be slightly higher among those in the highest income quintile than the lowest.
Supplementary Table C shows that the absence of an income gradient exists even when the effect of specific conditions instead of number of conditions is examined. The exceptions to this finding were diabetes and dementia, both of which were associated with marginally higher hazard of death among people in higher-income neighborhoods. In sensitivity analyses, the findings observed for the income-stratified hazard of death with a given chronic condition burden were essentially unchanged following the removal of UPC, or the addition of primary care and specialist visits from the models. Major findings were also consistent when analyses were repeated in a cohort aged 45 to 64 and when material deprivation was used as the neighborhood SES indicator.
Discussion
We set out to determine whether the effect of increasing chronic condition burden on two-year survival among older adults differed depending on their neighborhood income quintile. We hypothesized that even with universal health insurance coverage, neighborhood influences on health would cause an SES gradient in older adults' hazard of death. That is, individuals in lower SES neighborhoods would experience a disproportionately high likelihood of death with increasing chronic condition burden, compared to individuals in higher SES neighborhoods.
We found that the unadjusted prevalence of five or more chronic conditions and two-year mortality rate were higher in older adults from the lowest income neighborhoods than those in the wealthiest neighborhoods. However, after adjusting for potential confounders, the effect of increasing chronic condition burden on mortality was similar across neighborhood income strata. This absence of effect modification by neighborhood income quintile was not sensitive to model inclusion or exclusion of variables that measured whether individuals had a usual provider of care, or the frequency of visits they made to primary and specialist physicians during the two-year followup period. Main findings from this older adult cohort were consistent when material deprivation was used as the neighborhood SES indicator, and in a cohort aged 45 to 64 at baseline.
Our stratified multivariable models also showed that older age and male sex were associated with a higher hazard of death among people living in wealthy neighborhoods versus poorer ones. This unexpected gradient did not exist in the sensitivity analysis among the cohort aged 45 to 64 years old, and may be attributable to a hearty survivor effect in the lower SES quintiles of our cohort (Glymour and Greenland, 2008) . Having five or more chronic conditions was associated with a marginally higher hazard of death among people in the wealthiest neighborhoods than the poorest ones. This may be attributable to the higher hazard of death associated with specific chronic conditions such as dementia ( Supplementary Table C ) in high-SES individuals (Qiu et al., 2001) .
According to the Inverse Care Law, the availability of medical care tends to vary inversely with the need for it in the population served (Hart, 1971) . Other studies of multimorbid older adults have supported the existence of this health care utilization gradient, (Alter et al., 1999; Wang et al., 2015) but our study does not. We found that although there was a significantly higher burden of chronic conditions in individuals from the poorest neighborhoods, utilization of primary and specialist care did not differ significantly across income quintiles. This finding aligns with the results of an earlier Ontario study that found no income gradient in likelihood of accessing care or frequency of visits in morbidity-adjusted models (Glazier et al., 2009) . Although equal utilization may still be inequitable due to the higher morbidity burden in low-SES individuals, it does not exhibit the inverse gradient seen in other high-income countries with universal health care. Future research should build on this finding by studying potential gradients in other health services used in Ontario; SES gradients may still exist in medication use, stage of illness at first medical contact for a diagnosis and supplementation of publically funded services with private health care.
Studies that compare SES disparities in health across countries have found that SES gradients in all-cause mortality (Riva et al., 2007; Mackenbach et al., 2008; Meijer et al., 2012) and self-reported health (Riva et al., 2007; Maskileyson, 2014) exist across a range of health systems, and that the steepness of these gradients is largely comparable across countries despite differences in the universality of their publically funded health care (Maskileyson, 2014) . The important role of neighborhood and associated behavioral determinants of health in creating "health-wealth" gradients in mortality (Stringhini et al., 2010; Nandi et al., 2014; Jonker et al., 2015) and survival (Southern et al., 2005; Shaw et al., 2014) has also been well-established across a range of settings. Together, these findings from across and within various health systems lead to the commonly held notion that universal health care is necessary but not sufficient to eliminate socioeconomic disparities in health (Berkman and Epstein, 2008) .
We posit that the unanticipated absence of a strong SES gradient in our study occurred for several reasons. First, although neighborhood income quintile was associated with higher prevalence of multiple Note: None of the values in this table for income quintiles two through five are significantly different (a standardized difference N 0.1 (Cohen, 1988) ) from those in the first (lowest) income quintile.
chronic conditions, the SES gradient in our sample was rather flat compared to other studies of SES gradients in multimorbidity (Violan et al., 2014a) . This minimal SES gradient in multimorbidity prevalence is likely attributable to smaller SES disparities in risk factors between older Canadians than are present in other countries (McGrail et al., 2009 ). This explanation is supported by evidence that the proportion of variance in survival outcomes attributable to socially patterned risk factors is reduced in countries with smaller disparities in social determinants of health (Stringhini et al., 2011) . Given that Ontarians have access to universal health care throughout their lifespan, disparities in young adult health are also less likely to carry forward into older adults in this population. Finally, we hypothesize that the ability of low-SES older adults to freely access necessary medical care closed whatever small SES gaps might have existed in survival once people had a given chronic condition burden. This mechanism is supported by Anderson et al.'s work demonstrating the larger absolute effect of universal health care on health among low-SES individuals, and the resulting reduction in the slope of the "health-wealth" gradient (Anderson et al., 2005) .
Our study is not without some limitations. Our definition of chronic condition burden was limited to the presence of 16 chronic conditions. Although these conditions represent a small number of possible conditions experienced by older adults, together they account for a large proportion of chronic condition burden from a population-based epidemiological perspective (Koné Pefoyo et al., 2015) . Due to our use of health administrative data, we were only able to study the relationship between chronic condition burden and survival among those people who had a place of residence and accessed health care. Some of the most vulnerable, low-SES older adults may not have been captured in this sample, leading to underestimation of the chronic condition burden and health disparities in our population as a whole. We were also unable to adjust for the severity of individuals' chronic conditions in our sample. Typically, people of lower SES present to medical care later, with more advanced diseases than their higher SES counterparts, therefore if condition severity was acting as an unmeasured confounder, its effect would be to increase socioeconomic gradients in survival, not create the null effect we report. The neighborhood SES variables available to us for this research at ICES were divided into quintiles, whichdue to the inherently greater SES variation of individuals thereinmight underestimate SES gradients compared with neighborhood SES deciles used in other studies (Barnett et al., 2012) . Despite this limitation, neighborhood SES is commonly measured in quintiles in studies of SES gradients in health outcomes, (Kapral et al., 2012; Payne et al., 2013; Violan et al., 2014b) therefore this measurement increases comparability of our findings with those from other studies. Both our primary (median income) and sensitivity (material deprivation) measures of SES were at the neighborhood level, which may have failed to capture individual-level variations in SES due to personal wealth, education or occupation. However, area-level measures of SES have been shown to predict health outcomes independent of individual SES (Southern et al., 2005; Schule and Bolte, 2015) and are commonly used in studies of SES and health in older adults (Alter et al., 1999; Kapral et al., 2012; Alter et al., 2013) .
Despite these limitations, our study makes an important contribution toward understanding the effect of increasing chronic condition burden on survival across neighborhood socioeconomic strata. Our use of health administrative data in a single-payer health care system yielded a representative population sample. We used validated algorithms to identify individuals' chronic condition burden and had access to complete health care utilization and outcome data over the two-year follow-up period. Unlike past studies that have examined SES disparities in survival after a specific acute event (Alter et al., 1999; Kapral et al., 2012; Alter et al., 2013) our study is more broadly relevant to health care providers and policymakers grappling with the growing population of multimorbid older adults. Our sensitivity analyses using an alternate measure of neighborhood SES and a younger cohort of adults strengthen our conclusions by testing for potential misclassification and survival biases. We also demonstrate the insensitivity of our primary null finding to analytic assumptions about inclusion and exclusion of health care utilization variables from our models.
The clinical and health policy implications of this work are significant. We found that in a Canadian province with lifelong universal health care and relatively small socioeconomic disparities in chronic condition burden at baseline, the effect of having three or more chronic conditions on two-year survival was comparable across neighborhood income quintiles. In other words, once older adults in Ontario have two, Note:
None of the values in this table for income quintiles two through five were significantly different (a standardized difference N 0.1 (Cohen, 1988) from those in the first (lowest) income quintile. three, four, or five-plus chronic conditions, their survival trajectories are the same, regardless of their neighborhood socioeconomic status.
Conclusions
In Ontario and other regions with comparable health and social systems, reducing socioeconomic disparities in older adults' survival can be achieved by minimizing inequalities in who develops chronic conditions in the first place. Internationally, introduction of universal health care for people of all ages and primary prevention of large disparities in chronic condition burden should be prioritized to achieve similar socioeconomic equality in survival with multiple chronic conditions. Contributors NEL, CJM, AG, SEB, and WPW developed the research question and planned the data analysis. NEL conducted the literature search, ran all statistical analyses, led interpretation of the data and wrote the first draft of the manuscript. CJM, AG, SEB, and WPW provided substantive scientific input in interpretation of the results and drafting of the manuscript.
